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Abstract
Purpose – This paper aims to investigate the effect of hexagonal boron nitride (hBN) nanoparticles on extreme pressure (EP) properties when used
as an additive in lubricating oil.
Design/methodology/approach – The nano-oil was prepared by dispersing an optimal composition of 0.5 vol. per cent of 70 nm hBN in SAE
15W-40 diesel engine oil using a sonication technique. The tribological testing was performed using a four-ball tribometer according to the ASTM
standard.
Findings – It was found that the nano-oil has a potential to decelerate the seizure point on the contact surfaces, where higher EP can be obtained.
More adhesive wear was observed on the worn surfaces of ball bearing lubricated with SAE 15W-40 diesel engine oil as compared with the nano-oil
lubrication.
Originality/value – The results of the experimental studies demonstrated the potential of hBN as an additive for improving the load-carrying ability
of lubricating oil.
Keywords Performance, Wear, Additives, Engine oils, hBN
Paper type Technical paper
1. Introduction
Nowadays, most moveable components require at least a small
amount of lubrication to prevent wear during use (Herdan,
2000). Conventional lubricants have been used mostly in
automotive and machinery industries, but the purpose of the
applications has remained the same, namely, to reduce wear to
the lowest level possible and to improve the coefficient of
friction (COF) between the contact surfaces (Obiols, 2014).
Today, as the world moves towards nano-technology,
everything has become a nano-invention. Currently, lubricant
technology has also moved into nano-lubricants (Wu et al.,
2007), giving rise to the idea of exploring an alternative
nano-additive. Zhou et al. (2001) discovered that the use of
LaF3-DDP nanoparticles as an oil additive can strikingly
improve the load-carrying capacity and anti-wear property of
the base oil and has better friction reduction properties.
A number of studies have been carried out on the
tribological effects of boron-based additives in oil or grease
lubricants. The addition of boron-based additives improves
the friction coefficient and results in good anti-wear
performance when used in lubricating oil (Abdullah et al.,
2016; Çelik et al., 2013; Bas¸ and Karabacak, 2014; Pawlak
et al., 2012; Ji et al., 2012; Huang et al., 2014; Hu et al., 2000).
A study revealed that the use of tri(hydroxymethyl)propane
esters containing boron and nitrogen as lubricant additives in
rapeseed oil (RO) improves the load-carrying capacity (Ji
et al., 2012). However, this additive cannot provide a good
friction-reducing effect under higher load conditions. In
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addition, the load-carrying property of the calcium borate
nanoparticles modified by lauric acid as an additive is slightly
worse than that of commercial zinc butyloctyldithiophosphate
(T202) (Huang et al., 2014). This is because T202, which
contains sulphur (S) and plumbum (P) elements, is easier to
be dispersed and to form a protective film on the rubbing
surface than borate. Other than this, Hu et al. (2000) also
stated that the wear resistance and load-carrying capacity of
the 500 SN base oil are improved by the lanthanum borate
nanoparticles due to the tribochemical reaction produced as
well as the wear resistance film formed by some depositions on
the rubbing surface, which provides the oil with an excellent
load-carrying capacity. Basically, the film with the
nanoparticles will reduce the collision between the asperities.
In general, it was observed that several studies were carried
out previously regarding the friction and anti-wear properties
of boron-based additives in lubrication oil or grease. However,
there have been limited studies on the extreme pressure (EP)
properties of oil containing boron-based nanoparticle
additives. Thus, in this study, further investigations were
carried out into the EP properties of hexagonal boron nitride
(hBN) nanoparticles as an additive for diesel engine oil.
2. Methodology
2.1 Nanoparticles material
In this study, 70 nm-sized hBN nanoparticles were used as an
additive for the tribological application of engine oil.
Hexagonal boron nitride is also known as “white graphite”, as
it has a crystalline structure (hexagonal) that is similar to that
of graphite. This crystalline structure provides excellent
lubricating properties due to the low COF. The physical and
chemical properties of the hBN nanoparticles are shown in
Table I.
The energy-dispersive X-ray (EDX) spectrum and scanning
electron microscopy (SEM) micrograph of the hBN
nanoparticles are shown in Figure 1. The hBN nanoparticles
are of the spherical type. The particle size was 70 nm, as
mentioned by the manufacturer. However, the actual
distribution of the particle sizes could not be ascertained due
to the agglomeration of the particles.
2.2 Sample preparation
In this study, the nano-oil was prepared by dispersing an
optimal composition (0.5 vol. per cent) of 70 nm hBN
nanoparticles in SAE 15W-40 diesel engine oil using an
ultrasonic homogenizer (Sartorius Labsonic P) for 20 minutes
with 50 per cent amplitude and an active interval of 0.5. The
optimal composition had been determined in a previous work
(Abdullah et al., 2013a). The samples were stabilized using
0.3 vol.% of surfactant (oleic acid) to prevent the
sedimentation of the nanoparticles. The surfactant had no
significant effect on the tribological performance of the
lubricants (Abdullah et al., 2013b).
Table II shows the lubricating properties of SAE 15W-40
diesel engine oil and the optimized nano-oil, where the
detailed discussion can be found in a previous work (Abdullah
et al., 2014). The method for the preparation of the samples is
illustrated in Figure 2.
2.3 Tribological test
The tribological test was performed under boundary
lubrication conditions using a four-ball tribometer (TR 20)
according to the ASTM D2783-Standard test method for the
measurement of the extreme-pressure properties of lubricating
fluids (four-ball method). The wear scar diameter (WSD) was
the most important parameter to be evaluated in this study.
To begin the EP testing, three carbon chromium steel balls
with a diameter of 12.7 mm were clamped together before
being covered with a lubricant. A fourth steel ball with the
Table I Physical and chemical properties of hBN nanoparticles
aProperties hBN nanoparticles
Appearance White powder
Chemical formula BN
Crystal structure Hexagonal
Melting point, °C 3,000 dissociates
Average diameter particle
size, nm
70
Density, kgm3 2.3
Hardness, HRC 40
Maximum use temperature in
air, °C
1,000
Thermal conductivity,
Wm1K1
27
Thermal expansion coefficient
@25-1000°C
1  106/°C (parallel to
press dir.)
Note: a From manufacturer
Figure 1 The EDX spectrum and SEM micrograph of hBN
nanoparticles
Table II Lubricating properties of SAE 15W-40 and optimized nano-oil
(Abdullah et al., 2013a)
aProperties SAE 15W-40
Optimized
nano-oil
Kinematic viscosity @40°C,
m2s1 1.06  104 1.03  104
Kinematic viscosity
@100°C, m2s1 1.35  105 1.44  105
Viscosity index 127 131
Flash point temperature, °C 218 218
Total base number (TBN) 7.38 9.58
Total acid number (TAN) 4.70 5.63
Note: a From laboratory measurements
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same diameter (referred to as the top ball) was placed in a
special collet inside a spindle, and was rotated by an AC
motor, as illustrated in Figure 3. Ten increments of loading
were applied starting from 196 N to 1,570 N, with 10 seconds
for every test. The mechanical properties of the ball are shown
in Table III.
The WSD values were recorded by measuring the wear scar
generated by every given loading using the data terminal
processing system. The test was repeated three times for each
sample to ensure more precise and reliable results. The speed,
time and temperature were constant at 1,760 rpm, 10 sec and
27°C, respectively.
3. Results and discussion
Figure 4 shows the graph of the wear scar diameter versus the
applied load for both the SAE 15W-40 diesel engine oil and the
nano-oil. From the trend of the curve, the sample of the SAE
15W-40 diesel engine oil showed that the starting point of
the incipient seizure on the contact surfaces occurred at 618 N,
while for the nano-oil, this occurred at 785 N. This indicates that
the nano-oil can be sustained at a higher load before seizure takes
place. This might be due to the formation of a tribofilm, which
probably arises because this additive can form a boron
(B)-containing complex stable surface film with low shear
strength under EP boundary lubrication conditions. Figure 5(a)
shows that the B element was clearly observed on the worn
surfaces. However, the signal for B was not detected on the worn
surface lubricated with the SAE 15W-40 engine oil and
as-received steel ball. This was in agreement with the finding of
Ji et al. (2012), where the non-seizure load value of RO
containing tri(hydroxymethyl)propane esters was higher than
that of the base oil due to the presence of the B element in the
additives. Besides, hBN is a soft particle similar to PTFE
nanoparticle (Rico et al., 2007), which can provide better
lubricant characteristics due to shock-absorbing properties and
minimize contact between the frictional surfaces.
It can be seen from Figures 4 and 5 that the area of the worn
surface lubricated with nano-oil was less than that which had
been lubricated with SAE 15W-40 engine oil only, which was in
agreement with the excellent tribological properties of hBN
nanoparticles. Besides, severe adhesive wear was observed on the
Figure 2 Illustration on the preparation of nano-oil
Figure 3 Schematic diagram of a four-ball tribometer
Table III Mechanical properties of the carbon-chrome steel ball
Properties Carbon-chromium steel ball
Hardness (H), HRC 61
Density (), g/cm3 7.79
Surface roughness, (Ra), m 0.022
Figure 4 WSD versus applied load for tested sample
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worn surface of a ball bearing lubricated with SAE 15W-40 diesel
engine oil, as shown in Figure 5(b). The lubricant failed to
provide enough support in the high-pressure contact area and
caused plastic deformation. The rupture of the oil film caused
metallic contact, which resulted in the adhesion of the micro
asperities and plastic deformation of the surface (Zulkifli et al.,
2014). Pawlak et al. (2012) found that the sliding fretting test on
the steel/steel tribopairs lubricated with grease compounded with
5 and 10 wt% hBN micro-particles showed an average surface
damage that was three times lower than that of the commercial
lubricant, Militec.
It was concluded that the hBN nanoparticles played a
significant role in improving the load-carrying ability of the
SAE 15W-40 engine oil. A detailed discussion on the friction
and wear properties of nano-oil-based hBN nanoparticles can
be found in a previous publication (Abdullah et al., 2016).
4. Conclusion
In conclusion, the dispersion of hBN nanoparticles in SAE
15W-40 diesel engine oil can lead to an improvement in the
EP lubricating properties. This is believed to be due to the
Figure 5 SEM micrograph and EDX spectrum of (a) worn surfaces on a ball bearing lubricated with nano-oil, (b) SAE 15W-40 diesel engine oil
at the end of the incipient seizure point and (c) as-received ball bearing
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formation of a tribofilm on the contact surfaces, which reduces
the direct collision between the asperities. Severe adhesive
wear was observed on the worn surface of a ball bearing
lubricated with SAE 15W-40 diesel engine oil as compared to
when it was lubricated with nano-oil. The rupture of the oil
film at the high-pressure contact area caused the adhesion of
the micro asperities and the plastic deformation of the surface.
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